Objective: To test the hypothesis that waist and hip circumferences together provide additional information on the progression of preclinical atherosclerosis beyond either of them alone in elderly women. Design: A 12-year follow-up study. Subjects: A population-based sample of 102 women 60-70 years of age at baseline. Measurements: Waist and hip circumferences and body mass index (BMI) were assessed and carotid intima-media thickness (IMT) was quantified noninvasively by ultrasonography.
Introduction
Obesity is a widespread disease of increasing prevalence and is associated with a number of comorbidities including atherosclerotic cardiovascular disease (CVD). Age-associated alterations in body composition include progressive decrease in muscle mass 1 and increase in body adiposity, particularly in the abdominal area. 2 The relationship between obesity and CVD depends not only on the amount of body fat but also on its distribution. Waist and hip circumferences measure different aspects of body composition and fat distribution and often have opposite effects on CVD risk factors. Abdominal obesity predicts the development of metabolic syndrome, 3 preclinical atherosclerosis, 4 clinical cardiovascular events 5 and mortality. 6 On the other hand, a narrow hip circumference seems to have an independent and inverse association with the risk of type 2 diabetes 7 and CVD morbidity and mortality. [8] [9] [10] Carotid intima-media thickness (IMT), measured noninvasively by ultrasonography, predicts future risk of myocardial infarction and stroke, and a change in carotid IMT has been validated as a vascular marker of the progression of preclinical atherosclerosis. 11 Carotid ultrasonography is a more suitable technique for assessing the progression of preclinical atherosclerosis than the quantification of coronary calcium, especially in the elderly, most of whom have coronary calcification. Some studies have found a direct association of body mass index (BMI), waist circumference or waist-to-hip ratio (WHR) with carotid IMT in middle-aged individuals. 4, 12 Other studies in middle-aged or older persons have not shown such associations. 13, 14 In elderly individuals, intra-abdominal fat appears to be an independent risk factor for myocardial infarction 15 and a large waist circumference for mortality. 16 Few studies are available on the association between the measures of body adiposity and carotid IMT in the elderly. Moreover, there are very few published reports about the interactions between the measures of obesity on carotid IMT. We tested the hypothesis that waist and hip circumferences together provide additional information on the progression of preclinical atherosclerosis beyond either of them alone in a population-based sample of elderly women followed up for 12 years.
Methods
The subjects were examined as part of a large populationbased risk factor survey in 1982. 17 Altogether, 260 women aged 60-70 years were invited for the baseline examinations of the present study in 1991-1992. Of them, 202 women completed the examinations. In 2003, all eligible women, aged 70-80 years, were invited for the 12-year follow-up. Of 170 women who were invited in the follow-up study, 57 did not participate. The reasons for not participating included musculoskeletal problems (n ¼ 11), dementia (n ¼ 2), stroke (n ¼ 1), cancer (n ¼ 1), death (n ¼ 4), other health problems (n ¼ 18), unwillingness to participate (n ¼ 16) and unknown reason (n ¼ 4). The nonparticipants were older and less educated and had higher body weight, BMI, waist circumference, triglycerides and diastolic blood pressure at baseline than the participants. None of the participants had diabetes diagnosed by a doctor at baseline, but 13 of them developed diabetes during 12 years of followup. Owing to missing data on carotid IMT in either examination, the final study sample consisted of 102 women. The study protocol was approved by the Ethics Committee of the University of Kuopio. All participants gave a written informed consent. Waist circumference was measured on bare skin, middistance between the bottom of the rib cage and the top of the iliac crest. Hip circumference was measured at the level of the trochanter majors. WHR was calculated as the ratio of the circumference of the waist to the hip. BMI was computed by dividing body weight (kg) by body height squared (m 2 ). Carotid artery atherosclerosis was assessed noninvasively by ultrasonography. 18 Certified sonographers measured carotid IMT, the subject being in the supine position, with the head turned 451 from the side being scanned. An ultrasound device with a high-resolution 10-MHz transducer was used following a standardized and pretested protocol. In each examination, the sonographer used three different standardized scanning angles including lateral (451 from vertical axis), anterior and posterior (50-601) projection. The scannings were recorded on super VHS videotape. The same sonographer read all the scannings in both study years. The sonographer measured the IMT of the far wall of the right carotid artery. The IMT measurement extended to the longest wall region where the lumen-intima and media-adventitia boundaries could be clearly identified by an automated edge-detection program on the basis of active contour. 19 The mean IMT of the traced region was used for the statistical analysis. We used carotid bifurcation IMT as the indicator of the progression of atherosclerosis because arterial bifurcations are prone to local plaque formation. 20 Venous blood samples were taken after a 12-h fast. Serum triglycerides (triglycerides; Thermo Clinical Labsystems Oy, Espoo, Finland) were measured by enzymatic colorimetric methods. Serum high-density lipoprotein (HDL) cholesterol was measured using an enzymatic colorimetric method (CHOL CHOD-PAP; Roche Diagnostics GmbH, Mannheim, Germany) in a supernatant after precipitation with dextran sulfate and MgCl 2 . Serum low-density lipoprotein (LDL) cholesterol was calculated according to the Friedewald formula. Hexokinase method (glucose; Thermo Clinical Labsystems) was used for blood glucose analyses. Serum high-sensitivity C-reactive protein (CRP) was measured by a commercial immunoassay (IMMULITE 2000 high-sensitivity CRP; Diagnostic Products Corp., Los Angeles, CA, USA) using the IMMULITE 2000 analyser (Diagnostic Products Corp.). Blood pressure in the right arm was recorded as the mean of two measurements taken after five minutes rest. Diseases diagnosed by a doctor, medications, smoking and physical activity were assessed by a self-administered questionnaire.
Statistical analyses were performed using SPSS for Windows, Release 11.5. Waist and hip circumferences were categorized according to tertiles and BMI according to generally used clinical cutoff points (o25, 25-30, and 430 kg/m 2 ). 21 CRP values were skewed and normalized by logarithmic transformation for the analysis. Baseline characteristics in the groups of waist and hip circumferences were compared with analysis of variance for continuous variables and w 2 test for dichotomous variables. Associations between measurements of body composition were analysed by Pearson's correlation coefficients. The heterogeneity of the means of the 12-year increase in carotid IMT between the groups of baseline waist and hip circumferences, WHR and BMI was tested using analysis of covariance, adjusted for conventional risk factors for atherosclerosis at baseline, including age, smoking, systolic blood pressure, serum LDL and HDL cholesterol as well as fasting blood glucose. For the analyses of interaction between waist and hip circumferences on the progression of carotid IMT, waist and hip circumferences were dichotomized at mean (83 cm for waist and 98 cm for hip) because of limited number of subjects. A 0.05 significance level was used for all statistical tests.
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Results
Characteristics of the subjects at baseline are presented in Table 2 ). The association was not significant after further adjustment for hip circumference or BMI (Table 2) or triglycerides (0.110, 0.272, 0.249 mm, P ¼ 0.11). Although additional adjustment for CRP, family history of coronary hearth disease (CHD) and physical activity at baseline had no effect on the association (data not shown), adjustment for 12-year changes in LDL and HDL cholesterol, blood glucose, and CRP weakened it slightly (0.093, 0.278, 0.260 mm, P ¼ 0.06 for difference between thirds).
The 12-year IMT progression also increased across the thirds of hip circumference adjusted for conventional risk factors (Table 2 ). Further adjustment for waist circumference or BMI had no effect on the association (Table 2 ). Adjustment for triglycerides, CRP, family history of CHD, physical activity at baseline or 12-year changes in LDL and HDL cholesterol, blood glucose and CRP did not change the association either (data not shown). 
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The difference in the 12-year IMT progression among the BMI groups (o25, 25-30, 430 kg/m 2 ) was significant after adjustment for conventional risk factors (Table 2) , but no longer after further adjustment for waist circumference or hip circumference (Table 2) or triglycerides (0.112, 0.272, 0.263 mm, P ¼ 0.07). Adjustment for CRP, family history of CHD and physical activity at baseline did not affect the association (data not shown), whereas adjustment for 12-year changes in LDL and HDL cholesterol, blood glucose and CRP weakened it slightly (0.107, 0.278, 0.260 mm, P ¼ 0.07 for difference).
The association between the thirds of WHR and the IMT progression was not significant adjusting for conventional risk factors (0.173, 0.189, 0.275 mm, P ¼ 0.46 for difference) or other confounding factors (data not shown).
In women with hip circumference p98 cm, the 12-year IMT progression was significantly greater in those with waist circumference 483 cm than in those with lower waist circumference after adjustment for conventional risk factors (Figure 1 ). Additional adjustment for BMI, triglycerides, CRP, family history of CHD, physical activity at baseline or 12-year changes in LDL and HDL cholesterol, blood glucose and CRP had no effect on the difference (data not shown). In women with waist circumference 483 cm, there was a significant difference in IMT progression between those with hip circumference 498 cm and those with lower hip circumference (Figure 1) . This difference was not affected by additional adjustments. In women with hip circumference 498 cm, there was no significant difference in IMT progression between women with waist circumference higher or lower than 83 cm (Figure 1 ). IMT progression was greatest among women with waist circumference 483 cm and hip circumference p98 cm adjusted for conventional risk factors (Figure 1 ,
Discussion
In the present study, the progression of carotid atherosclerosis during 12 years was greater among elderly women in two highest thirds of waist and hip circumferences and in overweight women than in other women. Hip circumference was associated with carotid IMT increase independent of waist circumference and BMI, whereas waist circumference and BMI had no significant association with IMT increase after taking into account other measures of body adiposity. A small hip circumference was related to carotid IMT Waist, hip and change in IMT in elderly women M Hassinen et al progression in women with a large waist circumference, whereas waist circumference did not provide additional information in women with a large hip circumference. Our results agree with those from a previous cross-sectional study in which the prevalence of atherosclerotic disease was highest among individuals with a large waist circumference and a small hip circumference. 22 There is limited evidence for the association of different measures of body adiposity with preclinical atherosclerosis, especially in the elderly. In a 4-year follow-up study in middle-aged men, WHR and waist circumference were associated with accelerated increase in carotid IMT independent of BMI, whereas BMI had no independent association with the increase in carotid IMT. 4 A graded and independent association of WHR and BMI with carotid IMT was found in a cross-sectional study in middle-aged women. 12 WHR and BMI were also directly associated with carotid IMT in a crosssectional study among Japanese men aged 20-78 years. 23 Some studies have not shown an independent association of BMI 14 or measures of abdominal obesity 13 with carotid
IMT. The present findings suggest that measurement of both waist and hip circumferences, in addition to BMI, are useful in predicting the progression of atherosclerosis and that all of them should be assessed in epidemiological studies. The different associations of the measures of fat distribution on CVD risk may be because of regional variations in the lipolytic activity of human adipose tissue. The rate of lipolysis is high in the visceral region, intermediate in the subcutaneous abdominal region and low in the subcutaneous gluteo-femoral region. 24 Visceral fat has also been associated with impaired endothelial function. 25 These findings suggest that visceral fat is an important risk factor for early atherosclerosis. A lesser sensitivity to lipolytic stimulation may explain a greater tendency for women to accumulate fat in lower body regions. 26 Adipose tissue is an important determinant of a chronic low-level inflammatory state as reflected by increased levels of interleukin-6, tumor necrosis factor alpha, and CRP, which may induce insulin resistance and endothelial dysfunction. 27 Abdominal adipose tissue has been reported to release more interleukin-6 than subcutaneous adipose tissue. 28 Moreover, the favorable metabolic effect of large hip circumference may be owing to increased gluteal muscle mass, partly because of improved insulin sensitivity 29 and a high lipoprotein lipase activity. 30 BMI does not take into account body fat distribution. Also, BMI may not be the most appropriate measure of body composition in the elderly, in whom body height diminishes gradually after middle-age owing to posture changes and osteoporosis and lean body mass declines because of sarcopenia. 16, 31 Thus, in the elderly, the BMI value may be at a healthy range despite muscle loss and excess body fat. Waist circumference has been recommended in assessing intra-abdominal fat mass. 32 Waist circumference mainly reflects variation in subcutaneous and visceral fat, whereas hip circumference is also associated with bone structure in the pelvis, muscle mass in gluteo-femoral region and subcutaneous fat mass. 8 Compared with middle-aged individuals, in the elderly hip circumference may reflect more fat mass than muscle mass because of age-associated decrease in muscle mass. Because each measure of body composition has its strengths and limitations, simultaneous assessment of waist and hip circumferences is reasonable in studies among elderly. The strengths of the present study include the populationbased cohort of elderly women and the long follow-up period. A number of previous studies have evaluated the relationship between obesity and CVD, but only a few have focused on the association between abdominal obesity and preclinical atherosclerosis. 4, 12 Few, if any, studies have assessed the association between hip circumference and atherosclerosis. Change in carotid IMT, as assessed by ultrasonography, has been validated as a vascular marker of atherosclerosis progression. 11 We used carotid bifurcation IMT to assess atherosclerosis and its progression because carotid bifurcations are prone to plaque formation. 20 Owing to the relatively small sample size, we could not analyse the interactions between waist and hip circumferences divided into tertiles. On the other hand, the limited sample size may also lead to an underestimation of the true associations. The participants were healthier and had better risk factor levels than the nonparticipants, which makes it more difficult to generalize the results to other populations. Data from larger prospective studies of repeated measurements of the patterns of obesity and, if possible, more accurate measures of body adiposity, e.g., magnetic resonance imaging or computed tomography scan, are needed to confirm our findings.
In conclusion, not only waist circumference but also hip circumference is associated with the progression of carotid atherosclerosis in the elderly. Thus, the assessment of both is useful in predicting an increased risk of CVD. Lifestyle changes that reduce body fat and maintain muscle mass are recommended to protect against the development of CVD in the elderly.
